Activity coefficient of AgO 0:5 in PbO-SiO 2 melt equilibrated with Ag-Pb alloy in an alumina or a magnesia crucible was investigated at 1273 K. A chemical equilibrium technique was applied to the measurement. The oxygen partial pressure was also measured by an EMF method. The activity coefficient of AgO 0:5 in the PbO-SiO 2 melt was derived.
Introduction
Cupellation is a process of selective oxidation for separating Pb from Ag; however, PbO-based oxides entrain Ag as AgO 0:5 . It is difficult to recover the Ag that is distributed in the oxide phase. The slag loss of Ag is a key issue of the process from the economical point of view. The equilibrium of Ag between metal and slag is expressed as follows:
In the last stage of cupellation, nearly the entire metal phase is composed of Ag. Thus the activity coefficient of Ag is nearly unity. For efficient separation, it is preferable to increase the activity coefficient of AgO 0:5 and decrease that of PbO in the oxide phase.
In a previous study it was reported that Ag dissolves in the PbO melt as AgO 0:5 in the oxygen partial pressure range from P O 2 ¼ 10 À8 to 10 À4 . 1) (P O 2 is in the partial pressure. P O 2 ¼ 1 in atmospheric pressure is 1:013 Â 10 5 Pa) The solubility of Ag in PbO slag is also reported, 2) however, its solubility in PbO-based multicomponent slags has not been observed. The slags generated in actual operations contain sulfur and other oxides such as SiO 2 . The other contents will cause a decrease in the activity coefficient of PbO and may change the activity coefficient of AgO 0:5 in the slag. For an improvement in the operation, the thermodynamic properties of Ag in the PbObased oxides such as a PbO-SiO 2 melt should provide important information. The purposes of the present study are to measure the distribution of Ag between the metal and slag phases, and to investigate the influence of the addition of SiO 2 to a PbO based slag on the activity coefficient of AgO 0:5 .
Experimental Procedure
A silicon carbide electric resistance furnace connected to a PID controller with a Pt/Pt-13%Rh thermocouple was used for the measurement. The temperature of the hot zone was maintained within AE3 K.
Five grams of a Ag and Pb mixture, and 10 g of PbO and SiO 2 were loaded into an alumina crucible and a magnesia crucible. Reagent grade Ag, Pb, PbO, and SiO 2 were used to prepare the specimens. At the start of the experiment, the crucible was suspended at the top of a reaction tube. A continuous flow of Ar gas at 100 ml/min was used to exclude O 2 from the system. After flushing the reaction tube for 30 min, the crucible was slowly lowered into the reaction tube and placed on a support stage located in the hot zone. The time required to achieve equilibrium between the liquid alloy and the slag phases was confirmed as 4 h in advance. After being maintained 4 h at the set temperature, the oxygen partial pressure in the liquid alloy was measured with the following oxygen-concentration cell:
Pt/Ni, NiO/ZrO 2 -CaO/specimen/Re/Pt where the connecting point of the Re and Pt wire was set within the hot zone of the furnace. The dissolution of Re into the alloy phase was not observed. Then, the crucible was removed from the furnace and quenched in flushing Ar gas and the content was separated into two phases, namely, metal and slag. Special care was taken while preparing the metal for chemical analysis to ensure that the specimen entrains no slag particles. The compositions of the separated metal and slag were determined by the chemical analysis. The Ag, Pb, Al, and Mg contents in the metal and slag phases were determined by inductively coupled plasma (ICP) emission spectrometry, while the SiO 2 content was determined by gravimetry.
The oxygen partial pressure was calculated from the EMF of the cell and the standard free energy of the formation of NiO(s) 3) is as follows:
where E and T are the voltage and the absolute temperature, respectively. Tables 1 and 2 show the results of the experiment in the alumina and magnesia crucibles, respectively. Assuming that the metal elements in oxide exist as oxide, namely AgO 0:5 , PbO, AlO 1:5 and MgO, the mole fractions of the oxides were determined from the concentration of the metal element in the oxide phase. The activity coefficient of AgO 0:5 in the PbO-SiO 2 melt in the magnesia crucible is slightly increases with the mole fraction of SiO 2 . Since the EMF in the alumina crucible was relatively unstable, the results are scattered. However, the activity coefficient of AgO 0:5 in the PbO-SiO 2 melt is higher than that in a previous work. The PbO-SiO 2 melt in the alumina crucible entrains a considerable amount of AlO 1:5 . The mole fraction of MgO in the PbO-SiO 2 melt is less than 0.05. The influence of MgO on the activity coefficient of AgO 0:5 may be relatively small. The activity coefficient of AgO 0:5 in the alumina crucible is higher than that in the magnesia crucible. The addition of AlO 1:5 in the PbO-SiO 2 It is represented as a solid line in Fig. 1 . The oxidation reaction of Pb and the Gibbs energy change are
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Results of the experiment
Activity coefficient of AgO
The equilibrium constant of eq. (6) is
where K, a Pb , PbO , X PbO and P O 2 are the equilibrium constant, activity of Pb, activity coefficient of PbO, mole fraction of PbO and oxygen partial pressure, respectively. The activity of Pb in Ag-Pb alloy can be found in the literature.
5) Therefore, the activity coefficient of PbO is derived from the composition of PbO in the oxide phase, and that of Pb in the metal phase and the oxygen partial pressure. Figure 2 shows the relationship between the mole fraction of SiO 2 in the PbO-SiO 2 melt and the activity coefficient of PbO. The activity coefficient of PbO in the PbO based melt decreases with an increase in the concentration of SiO 2 . The oxide melt contains a small amount of AgO 0:5 and AlO 1:5 or MgO at X SiO 2 ¼ 0. Thus X PbO is nearly unity, and the activity coefficient of PbO would be almost unity at this point. 1, 6) In the present study, the mole fraction of AlO 1:5 decreases with an increase in the mole fraction of SiO 2 . Mullite may be formed on the surface of the alumina crucible as follows:
The equilibrium constant of eq. (9) is
In case the specimens were saturated with the mullite phase, a Al 6 Si 2 O 13 would be unity and a 
The addition of SiO 2 in the PbO-based slag may cause a melting loss of the MgO-based refractory. Figure 5 shows the relationship between the mole fraction of AgO 0:5 in the oxide and that of Ag in the metal. The solid circles and open circles represent the results obtained using the alumina and magnesia crucibles, respectively. The solid line represents the mole fraction of AgO 0:5 in PbO.
Solubility of Ag in PbO-SiO 2 melt
1) The mole fraction of AgO 0:5 in the PbO-SiO 2 melt is less than that of the PbO melt. The addition of SiO 2 in PbO decreases the dissolution of Ag in the PbO melt.
The influence of the oxygen partial pressure on the concentration of AgO 0:5 in the PbO-based melt is shown in Fig. 6 . The concentration of AgO 0:5 does not depend on the addition of SiO 2 . That means influence of SiO 2 on the activity coefficient of AgO 0:5 is relatively small. However, SiO 2 decreases the activity of PbO that causes a decrease in the partial pressure of oxygen; therefore, the phase separation is improved as shown in Fig. 5 .
The redox reaction between Ag and Pb and the Gibbs energy change are expressed as follows: 
The equilibrium constant of eq. (13) is expressed as
In the last stage of cupellation, the concentration of Ag in the metal is nearly unity. The activity of Ag in the metal phase is almost equal to the mole fraction of Ag. The mole fraction of PbO is defined as 
Conclusions
The activity coefficient of Ag in the PbO-SiO 2 melt equilibrated with the Ag-Pb alloy in an alumina or a magnesia crucible was investigated at 1273 K and the following conclusions were obtained.
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